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(54) DIE FOR DIE CASTING AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a die for die casting, having erosion resistance to 
molten metal, good releasing property and long service life. 

SOLUTION: This manufacturing method of the die has a process, in which a ceramic film is 
coated to a par or the whole of at least the surface in contact with the molten metal, and a 
process, in which a treatment selected from at least one among an ion pouring, nitriding 
treatment, oxidizing treatment, carburizing treatment and boronizing treatment, is applied on the 
surface of the ceramic film to reform the above ceramic film into a ceramic film part having < 
300 nm crystallized grain diameter on the surface at ^50% thereof 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



<lfl>H*WHW (J P) (12) & ^ Ufa ft Q $g (A) (H)1Htt&IKII** 

#BB2001 -300711 
(P2001-300711A) 



(43)&HB ¥«6l3¥lOH30B (2001. 10.30) 



(51) IntCl. 7 ISlSiJIH^ 
B 2 2 D 17/22 

B 2 2 C 9/06 
C 2 3 C 14/48 
// C 2 3 C 16/34 


B 2 2 13 17/22 Q 4 E 0 9 3 

"D A w fl 9 Q 
K. 1 rv u z b 

B 2 2 C 9/06 D 4 K 0 3 0 
C 2 3 C 14/48 A 
16/34 

$$ff:$ t£M$ m$OR<Dfk.4 OL (£ 13 H) 


(21)fflH## ftB2000-125824(P2000-125824) 


(71)tnRA 000000376 






(22)m«0 ¥fi£l2^4^26B (2000.4.26) 


JtS*S(t#K«*-# 2 T S43# 2 *f 




(72)*^# £91 




*£*S!cefc«-H?2TB43#2^ *<j 








(74)«SA 100069420 




#a± a& ft 




F*-A(g*#) 4E093 NA01 NB01 KB08 




4K029 AA04 AA29 BA60 BD00 CA10 




4K030 BA18 BA38 CA02 FA10 LA11 


(54) \sm<D%m r-fjiAbft&MRxfJtwm&m 

(57) mm] 



mmzm? c t k <t <3 . OTcDsenes^ 3 0 0 n m« 



*«,>t, ^&<ifesri3ii^iii»»frrsii«o-»* 

fctt£S#. ^fi©tgfi&3tf3 0 0 nmerFOffifl 1 * 

iiioTteO. t©H2?s ?*Rj^ffi©lgiMas#3 
0 0 n m«T©Sfcfr£ 5 0 %«±*f t» 5 C 4 

gaiW*>, MM*X ;R£tt#*©'J>&<4 

9 2R?*4c4*^4Tas»3jBH28E«©4^#* 

H©-»*feM:±»rc-fe5 s 9 tmzimirzxmt, 
mztirctv 5 9 ^(Diiw^a mm 
m, wtimm, mmm, «i*s©ij>&<ifci-3*> 
&»:ma«Hi4iirf c * tea: o , «x®i6Mtfea# 

3 0 0 n m WT©gfl#£ 5 0 %liX±M Lfc-fe 5 5 v Vfe 
[0 0 0 1 ] 

[0002] 

[g£*©8ffi] y-f*^hffl^ffl-C«. (SJKtlWiO-c 

omm^m t mm? z> as* sa-r act 6i£ < 

MOS{b^> (T i C) , mt?Z> (TiN) , 
gmitmy (T i CN) m<D&MZ&vm<DBSV& 

[0 0 0 3 ] C©WSSI?iRt5fc*, 1SH¥7 - 1 1 

226 b^kb. eti6©»«j: «j mmmc»nr 

^5Ti A IN <SHt**>7*5) %StfK«»r4 



^Pia 2001-30071 1 
2 

Ktt^r^ffl©«^tt3*i**am*i±b"cc»*. tea 

PVDffi^CVDffi9©fiSI|jS*©«)©©IBH-C* 
^ffi©fi*#ffc%HS±Ttt«Sj|S 
4 LT+35&&©-Ctt&#>o/c„ 

[0004] cn». ««©fcr>*->MW)WB«»>6 

3 n & < T 4 I, T ©«*&#» & fefl 4 CiK 

) 5«. Si 0-5 ( 1 9 9 0) . 3 1HJ fciettstvro 
*tf3ft»l)Ttt<. fgBK^ PVD^CVDSKJ:^ 

r«llLfciWk^*> (T i c) , 3ft* *> (T i 

N) . £3{t**> (T i CN) . 3<t**>7*5 
(T i A 1 N) 3*©tt»Ctttf >#-;W¥©KB#* 

fret*. PVDtt<»cvDtBr«iiofcWltt. *©« 
^©a**H*c4#5«3tva>4. 

[0005] 

bfc#-r t> * v n&si&rto % - ams© 

HjgtcjgfflfS4. jfeo*ttll©*aA4jS»ibr© 
r^s-^^sjsor^wbr*. c©fc». mmm 

i0 bM< &oTt>2>„ 

[0006] PVDS^CVDffi^tCj:^ * 

50 (T i ) 3H>>nA (Cr ) £*©&R*£tflte 

m^b, c©^«ia»*jjiMi#«iSi6L. 

*lBC-J-lWHia-3-Ct»*. *fc. (Ti)3fi^ 
#ni (Cr) fcS©^*£t?8r£*W-r.&»H©3t 
ffitt. P V DS^C V DSf (C J; otfeMStf ^ 3 h 
Tfc D . c ©*g B H B e*5At < fl^At 3 «> * * * 
\o Z>tc#>, «cE30#s£DTte<3. C©EaCiKJ:")IUt 
^Kjgtt^«©SBtt3&Jas»«KfflfF3 n-CM4#^i u 
Unit, iBiMfl[©tt^««K:«ts^se{b©a 
tT3&«a< , ^S©S*<Mfc%HS±t?BBJ»tt©jS-C+ 
»ft fc© 4 tttt t» 

[ooo7]s/c, »a*naT?«iib^-Y *^ h^® 
■et*. ^4»R©ffif^6»ijiK^£LS^ma«>% 

Ctitt, an«i)fEti&«nH#iR4ttg|4©MK 

«6i*J*&i>c4©fc«>cc. jg^^affl^^nr^ 

< M K»,g?r#MA> 6 5 1 « Mdt l> X L * 5 tutor? h Z> . 



[0008] *mnt. c<d£*> rmxvmmgxms 

[0009] 

m&mz%s^x. 'pu<tm&®m&mt®mhm 
©-gpa/cK^fs^. m<Dfemmtfiz o onmar 

©g[S#£ 5 0 % W Ji* b ^7 5 ^ J; 0 3 ft 

[0 0 10] C©<£5K. ^< i^jgit^HilgMT 
£ffi©-3[!gfcS£SR£, $iB©l$jM&&#3 0 0 n m 

BHM>»£UK<<fc*. *fc. 3 0 0 nmWTilO 

£M£IK# A U &tf C i . ftAtt* i 

JK i ©JgftffifS^il^ L , £S-«.©«l«&lll©tt D (t * 

li»©l»«{cj:4iiffi©£{fc#ji?T Uc< < 

[ooin mm2<D9tim, m&miMki-z# 

ffi©*SIM&&#i 3 0 0 n mkTF©SR#£ 5 0 %£LhW 0 

too i 2W*>&Att. -r*>*ftai-rsci«cj; 
t). afflK«iw«K:jaR%as»nr4. »jjsb2©»iwt 

sjo-ajSEyttt^ajK^^vftaArsciKAo. it 

i£Affi©-b v 5 ^K^^STcSRiaA-rS 

*#taiiastiaA:». «aAffl©s*i-aA$n57u* 
icD^^ec^r. *ne.©fb^»*ffiitt5. c© 

[0 0 13] PVDffi, CVDffi^OatBffiKioTia 

ishfc*???* ii£©Mc « , f > * - maym 



I) #H 2001-300711 

4 

[0014] C©J: 5 fc. ^^H^b->*";l/^o)g| 

io onm, m*j&w\zmc timnttzz. 
[0015] S6K, «axffi©7aRiaA-rs-f*> 
**iSOBu Bfa©^iB'fefpiit-rsci*«t?*s. * 

fc. -f*>aA*fr©«HKJ:l3. SB©-f*>«^a 

at©aaft*at*-rs. 

[ooi6] sMca 2 ©awn. it^js i omntm® 

t^-j *JK©affi©*Sifl&&J& s 3 0 0 n mOT© 

20 [0017] 3 ©iP^ti. it*«2 Ett©«wr 
«*-f*>. *?Stt*f*©4>tt<£fcl-3 

fl»*fc r> X v ZO'PK < t b 1 -oi^fc-te 759>1 

[0018] c©<t 5 Kd>& < i fe^a^MiSftis-r 6 

Ii©-»*fctt^»%f»af -S-fe^a f ^fb® 

30 J\ mb»*"fe75»f©iJ>*<i«>l^*^*. C© 

[0019] T^M^iUB, TJU3>. 
40 B. -f*>*ttA-T5J»^©J:5K, ^Hi{b^»*» 

[0020] if*«4©^(i, ®mtmmmz>$ 

ltt^)li««rr*iB©-»*fctt±»K:-fe5 5 » fit* 
fiSJSTSXgi. RSJR3nfc-b5 5 9 4'il©^BBK^* 

>aA> ^b^a, mmm. mmm. nt»$ 

50 ifc l-o*6HtftiajHi4|lrt-CiCCJ:») > ^ffi 



©*SJM&g#3 0 0 n mHTO»»* 5 0 KfiUiWLfc 

ITS., 

[0 0 2 1 ] *-f#XFm^©4>fc<£ fc«f»£lli£ 

©»cb. «rawa»^ffir*5PVDffi. {t^w^ 

«*j£"C*5CVDiS^*ffll»aci3Wt?#S. C©-b 

^s-^iitc, 4*>sea. SfbSttS. uttm &{fc 
«, mb^s©d>ft < i t i -33&>t,«iti4tea** 

TCitUD, «Bf<D5 0X£Lb«ttMift3V3 00n 
maT«>«UtW*ft4J:9tc8lfltr4t:i*«'C*4. S£ 

£»»-r* ££#-<?**. 
[0 0 2 2] 

mmommmm] (mrnomm dhi B?>f 
B2 bm£m<D&m-c*>z. 

[0 0 2 3] H2K^f«t^«: > y-f**Hli&S50 
B, «M4#M*i«i-ra*t^^ 5 l4WUfc-at© 
#§>*<*52, 5 3£, £M*ft5 2, 5 3(C*&3tl 

2©±»KB. ifflB^M©aAP5 4**ttStl-Cl> 
S„ Sfc. C©M**5 2Ktt, I*tttsfcttlk&ll# 
tttf^4 1 <D±mc+Mc® <0 jhttX 5 CC&7>ft£ 

[0 024]iIW5 2, 5 3B*ffaUTt,>.£^&ffi 
5 2a, 53a flSfflSK:** 0 fcttt* £ ft 0 , C ©$* 

©fc#>, £§»<*5 2. 5 3fflS©ffiBftJ&#S^»Jt 

tf^rs 5 5 KJtjtr ai&»fc*»*!T*afci!>, c©& 

[002 51 ^7-fK 1 B, Rtt«©^SIllia5 1 
ai, Rtt«©/J^*l»l bi*s(fc?|Sifcil»3h/tS 

t> £ ft T*J 0 , ^SMfli 1 a #£gl#tt 5 2 . 
5 3fc!«*Sti*CiKJ:0. X^-Y F f>Ml ©£{* 
#&£*f*5 2, 5 3fcHSE3ft4. C©HSEtt»t? 
B, /J^SHWl bj&i* * t'r-f 5 lCfr&BBfclKBOfc 
WMH £ ft 4 o fi£ -> X , X 5 K f >S 1 Blif g D n p©*'fr 
KJta^^JKJSTSSil/TSttBO, «HSffi©«lf)ffil/ 
0^11.^*1*5 2, 5 3*>6lto?l5lK:|fi*ffi3n 

[0 0 2 6] C©*lt©»»C*ll»T. &SJ#tt5 2 , 
5 3CC«J33ft4X^ Kb->M1©/Nll*g[51 b©^ 

jaBB^Hi^iiijiJtt-rsffiifto-cfcf). t©sw 

LTjaaaJfrbft*. X5-fF fc: >§? 1 £ ITU, S K 
D6 1 (HRC5 2) *W£LTftffl£ft&&©-C& 



4) ^2 00 1 -3 00 7 1 1 

6 

(ftj&Si) rt»63l*tfc<fc«>. a*©^*xhffl££ 

«wtt*>wwt*o»tt*w^Ti,»5. ft**, comm 

©»«TB. /haWSRl bOll^Smm, fi3#l 1 
0mm, ASflbSil a©e&#l 8mm, g3#8 0m 

[ 0 0 2 7 ] X 7 F £>M 1 ©/j^M» 1 b 

IttPi a©*HSH«:*tU i^^x-^cvDffi©^ 
10 SBSffl^T. TiNU*3nm««U Xl^T i A 
lNH43<imflMl/-C2Jifl|Jfii0fc. Tftfr*b, X 
7-Y Ft>Sl©«tfi©«»tt*^±S-tt4fc«>{C* 
W»£LT©T i NKfctfllt,. S*B£LT, W&tt 
K«lvCt,.ST i A 1 NKfciMUfcfcO-C**. 
[ 0 0 2 8 ] -f * >&ASBBH 1 K^r «fc 5 K . 

rt>S. tfuI/#2»*S8|g|$l a4&8-fSC£KJ: 
«3. ASfibSPl a«tc, 'J»8M8IS1 b©£fls*J± 
# K£* WfctK« £ ft 4 «fc 5 K X 7 -Y K f >M 1 
20 StfSfc©T*4. *;V#2B, m^Z'mUctttit* 

BHS3tiT*jD. «MWR2alcj:-,T»93ti*J:5 

[0 0 2 9 ] Jt^§»7©±aJKtt. -r*>8*K^fF 

»7rt«:fiM&^-5-r*>»3*iKtf6nr*»i3. -f*> 

?!S3*^©^^>8*^7>f Kt>Sl©/jNS*aiJl b 
RDf^SttSSl a©nJSiBKJISI*3ti6. -Y*>?S3{C 
B, >f*>-ftbfc^X%*A'rSJIIAn4*JjBiU"Cl> 

setc, ^5>f Kf>Mncjswsns>f*>©ffii 

30 «*«ISg-r 4fc»©-f *>«WiW5£«5 **JtaS«7 ft 
{CEIISh-CI,>S. *S§S7|*iB*^>y6 
{cJ:o-C3r5E©ff*K:«E3*i4J:5Kft-ori>S. 
[0 0 3 0 ] C©^5}->aA^a-CB, X7-{Ff>I 

i £ y 2 {cia*KK«^ b tc\m~c\ yy'G 

«c«fco-C*S§87rt*»«0-C6x 10" 4 PafiTF 
©!K*2£-rS. ^L-r. X7-f h't*>Sl©'hSWlg|5 
1 bS^S(*Wl a©^ISffiK*fbT, -^*>iS3A> 
h A * > 8 4„ C©£^*;u^2 j6J @«r * C 

ifCiO. X^-Y FK>Sl©^JBCC^-{c-f*>36ia 
40 A3*iS„ 

[0031] c©nsfe©^sit?B, a^oatw*>fb 

©-r*>©#£-f*>*AP4jfi»6-f *>»3Cc3IA"r 

c©:^, jsw-r**«-r*>©jifisx*^^-* 

4 5keV, K-AlMM4 0(iA/cm J £U 
A:, -f*>JB!H«tl. 5X1 o 1 8 ion s/cm 2 
£0fc„ ftte, -f*>«©*iCtt. c©HSfi©^«SK:ffi 
50 fflLfc7J^cRg€Sn-Sfe©rBft<. *^)77>I, 



(5) 

7 

[0 0 3 2] 13 3 B. W±CD*ffiKJ;orffM§nfcX 
Ff^MKDaffi^aSW^^bTl^. SKD6 
l*>6&SStf9©±ffi&CT i NJil 0##iEU ^© 
±ffiKT i A 1 NH1 l#*?ftt, -ebT. »ffi 

tc&WT i A 1 Ndl 2tim&bX^2>, 
[0 0 3 3] &StT iAINIlZB, ^^-f F t* >§9 
1 ©H®©T i A 1 NR^KSa-i-a^BIT i 
It, a\3tiWW-f*>i©fl(SI. 5ttfc<fc»). T 
iSI^A lTBR^BWtaSnSCi-C^fiSShfcT i A 
1 N*^t»«RT i A 1 NJfT'*& a £©£#, jlftffn 

-r*>#«AT& 1 5 0 0 A©SS*-CB#«T i ^£ 
ISA 1 3&iffftbftl»3S*aT i A 1 NJf 1 2 ;? 

ft, *c3&>6st*9K^-5T. a^a^fa$4«KM^ 

[0034] ifc. ^XvCVD&(C<fc9JiRII&LfcT 
i NM^T i A 1 NHKB. fcr>*-*-C*4J*«©fc 

affl©^m\^*><t<fcoTjm;sftafca. 

c©c£B. «*.«, i7*>jWicJ:!)Wic 

[0 0 3 5 ] C©J:5K8JR-Y:t>4;*5-f Ft>Sl 
©Hffi©T i A 1 NJgfcjlfl&fMcftA-f H*f3 
n4-ft>©ttljax*;^-iOT»5keV«±2 0 
OkeVtiAiSSU^ JDliW-*i5keV* 
«©*§•££ B, x 7 ^ > iffflkK J; -a T*iS©toSffi© 

¥-#2 o o k e v&,±.<Dm^ammwvmm3ti, 

AlSW15yA/cm ! «±2 0 0*xA/cm 2 * 
jftPfSS U». t'- ABffiffKtf 2 0 0 /U A/ c m 2 « 

IMjBlBJBJiRKfctt?* KftK. 5(jA/cm ! t* 
-Ali^St'B, ^*>©&A*a&*WfcfT5C£# 

>£&A0Tf,>£#, N + -Y*>T'fcJ;<, N 2 + 4% 

[0 0 3 6] C©J:5KUT^lSSnfc*!fTi A1N 
HI 2©affi©fe H s a ^«, ^5X^CVDffiKJ:i3ai» 

tC>!tL-r^-(ctftoft^fc*, a*^*>©«g|KJ:S 
JS3tt©ftfltt ilWKff 6ft 4 . 
[0 0 3 7] H4ttC©H«©»*{Cj:S^7^ Kf> 
M 1 ©&fl L/cT i A 1 Nltaffi©m^fij»gl^X*fe 



$H 2001-30071 1 
8 

.fcoTlSBIbfcT i A 1 N|fl||Sffi©mW*^X^fe 
^Ufc £©-?*&,, 

[0038] ^*©^a-e?# 6ft/cT i a i mmm 

fctt. IS 5 iC^-T J; 5 Cc£ jMftgtf 3 0 0 n m*jffi;i S 

0 0 nm£i±©1KI*tfV&ttH (Jfa2 OOOnmXftl 
5 0 0nm) CD5 0 %U(±££&-tt,> & C i^SHrc* 
S„ ^*>&AftJ;^ffi£&itLfc»i©ffJ 
S©X7-fFf>Sl®iItt, H4fc^TJ:5fc. 2 
0 0 nmfeJ.T©IS B l«iS©te H a a *WKiggL-C^€»„ 
SfcKSIIIItcMR-rSi. i&gflSH (ift2 0 0 0nmx 
ftl 500nm)©90«eU:4i. CO2 0 0nm«T 
K^bS ftfcfSJItfcfc «fc oTfllfiKS tit t» 4 C £#K 

[0 0 3 9] *Hil©lf5«l©^ 7>f F f>S 1 © 
5 > Lfc 3 ®3T©affitco^-c|siliKS^ii 

OnmOTKWtUTtJt), fio 2 0 0 n m«T©*S 
Stt©i6***J|KfttH (ft2000nmx#jl500 
nm) ©9 0«fiLhr*5Ci#«B3nfc. 

[0040] &samattaxt&tts oon m«T©£ 

dKSWltJiiffehSJ&J. 2 00nm«T, 3 6JC10 0 
nm. 3f>Ktt5 0nmtiT*taiH,». *fc. £©J: 

5ft«atta*<w*iiiafsi©i&w*», 5 o%w±© 

t^CC^S^eftS^ 7 0%^±. 8 0H£LL 9 

[0 04 1 ] W±©J:^KS{jgSftfcX7^ Ftf>ffll 
*m>T. a 2 sec. -»©^*#5z, 5 

3*fl»£:b-e-C7Jl'S-9Ag& (ADC 1 2 > ©* 

r**. *©*S£. 7'7X7CVDSKJ:otTiNl 
RtfT i A 1 N*%tt«Ufcft*©*7 4 Ftr>S©JS 
£tett, 13000J/3? (•t7JRi'?A0Sl»« 

itcctt-a/c. cftic*tu ^mnmmo-i *>&K* 

S5bfcX ; 7-f FtT>S*fflt>fcJI^CCtt. 5 0 0 0 Of 
a ^-C*>^7-f F t>S©«lf|sKM«ja< , »n a D« 

>M©^iB©*S^i*S2 0 0 n mWTK»lBlftao^gF 
ft^nr^sciccto-c. i§H!^ll©^SljR^aB$ 

©jR*t*sx a- xjctf *?ft . #stc*t-r is^wa^m 
*.t . &mmm<DflkM&skmmt x o sffii^ii i ©s» 

[0 04 2] ^XvCVDftKi-j-CT i NU£ 

RVT i A 1 nmifSMLKmiOZU KK>ffl(C*f 

50 ^/cf^cftmH^bfcicS, TiAlNUKfctjffii 



9 

*mm<DBm<Dz ? a k f >s-cb. *»#t»^-j-4 * 
•c^sufc^ *©she*«s?1/-ci>. *ne.*i«B83 
nrii^flaB© cna, j£^irc*se 

it J; 0 SBtf ©£j$#"T?* Slttr Jl/ 5 - ■? AOS 

jEtctfjiBarsasaiJwecortitt^ci. mum© 

fktttii£tt£Cc <fc ^Sfc£JI£©8tfM#'h3 < a 0 
(■StfeWSj-kLTOSti. 3P>{t^tf>&Afccfc£M 

[0043] commommTit. 3 e.cc £!■&©*& 
©wtnttftfttMBLfc. ±aLfc«»©^5-f fk 

>ffltCfct»"Ctt, T i A 1 NR3W3 6 0 0 0^3 v VC 
Ki^fcKftO. jgjfcWIIfTU 7Jl/5~0A©Ij!* 

tt*tfft£ L> X 5 -Y F f >§S# 7s v A F T* * f » 

IS©JI$SI©X-7-r FtT>aB, 1 7 5000->ai-hi 
a t/t *>a™te*«ii-f s £>©#£;£ L -CHgra- 
[0 044] fit±© J: 5 fc$HSS©ff5$©.X 5 A F f> 

a^ffl^scifcto. s^ffi©^b©jitf #«< ft 
jy*?ftfisfi:*iij#r#*fca, ^©#^©s#{t 

[0 04 5] *jSft©»»KJ;titf, ^>&A3tifc 

&«T i A 1 N»©a*fflB. ffifitttf 2 0 OnmOTK 
{MBftao^fcS ftTfc 0 . Bf 3©ffl© 9 0 %&Lkft 

M©8MRtf&SB$©iKfB#:* A -Xfcff t>n, 

*tra»»Wft^)is©i»*iifi*feLcc < < uz>. 3 6 

ft. ^$Ii©»t^dlflt&K:J:<). i§B*#Hi©i£ti 

maw 3 < ft -> x.wmtm± bx^z>ci.ic£<om 
[0 046] sfc. \-mz5A Ft^acwwf 

K»U T i NM&E>*T i A 1 NSUfetHIO. -e©|gffi 

&OTt>fc£MfiR#-c*ST i ^A 1 ^tSter, a 

HiB©^«ia»i»ja^Bli36*S^5 c i fclfcjtr £ 
s. c©fc«>, s^ec«n&iRA«*r£3aft«ft< 

"TCi**?*, T i A 1 Nt?5 >?^Jg©^-C*SiS 
[0 04 7] *fc. RSHf©fcr>*-;U*ft<TCi*i 
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&-9?i>&MK*m. *»s*ft< -rc i*s-c^?> 0 

»llfn©^*>&AK£oT&ft3nfc^ffi© 

#x hffi&si£ o-cttfliofcisfc. jfccctSBWbft©^ 
jsawwisft. j»§«>iJ>ft<fto. ejijssfc«i«3tt 

5?c«6. 3&ft©j^*^3-esc£*Jrs5. 1$(C. 
*^*©Jg»©«fc5ftX5>f KK>aK*»t>TB. At 
>SEAiB©««Bttifc^»W««[©fiTK:«fc»J. 

[0 048]^, co&Ko^JfrcB, T i NMteJ: 
tfT i A 1 NR©fiMI£'77X-?CVDi£K:J:- 3 'tfT-3 
ftifi. ^©ftOCVD^PVDffi, «*f^-C)S)S0T 

[ 0 0 4 9 ] £ fc. *H*fe©^T1i. «*«:4GJ±3 
i*£fc&©T i NM©±Ct, W^ttiCffnfcT i A 1 N 

m*2MBtLximL> *(D3mit%.mA ty&zx 

Lfc#. 2Jfg£LTatR3ft£-fe7 5 -^JiB. Ti 
N. T i CN, TiNCX TiAlCN. TiAIN 
3 O. TiCrNf©ffiOTift75^, CrN, C 
rNO, CrCN. CrAIN, CrAlCN, CrA 
1 NOfOCrSt7S? f s A 1 2 0 3 ^©A 
75i.f, BN^©Ht»7 5^, Si, N 4 f 
OUtMfe??^?, Cft6©ift£!irck 

R«©«s*^6ns. cn^©«^tc». 2na©iii 
{c*fr5e**i©iH©>tiM«*aiaEJi-r 5 c t 

[0 0 5 0] 36K. Cft6©*©WWcj:-*T\ SA 

St*. r«. mm. ^fflkuzmfr 
o 6«sa«i/-raAtea-r-5ci*ir*s. MiaA^- 

4 -f * >©a*^to-ttfc«J: tt. BI%fltRR l>r i^dt 
^ftfeW©^b^«j©^fcBi«r*a. w^tf. TiA 

ti&©RittA-rs-Y*>». at^tt^ffimsK- s 
sft!»R*a»?-rsci#ta4oi». *fc. -Y^->aA 

10 T#4fcft. )g*K^JS^**5^C^e»ft^Sffi©^ 
tt©{ b^» * 4 1, > B C ©f fc^ft i a AtcSR i ett&M$k 

[0 05 1 1ft*. TiAlN*559>iKffli^* 

-i-4CifeUttt?*»). C©JWSIteJ:»). ^BB^ev 

[0 0 5 2 ] 3 ^ttO^STB. 5 * 
so r. *D5©ftffitiS©attB{bR^iW»{b*tf-3fc3&i» -f 
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*>tt*jiiwc. mmm. snugs, mtm. m<t 

5 2, 5 3©* + tffw 5 l*^fiWSffitC»brtr-^ 

[0 0 5 3] (mmmm2) *mt©»*t?». n» 
©iiit^i/fc^7-f Ftr>gn©st*£ i/c, 

*ft©^SST'tt. 1 b *Sjtt 

115mm, S3 1 2 0mm, ASIiSPl a #682 0 
mm, S3 8 Ommi&SJrMdniUt:**. COT. 

7 >/• f t >m i ©/hs#» i b atf*g#as i a ©?m 
i!K*fo , ^ * > t-A^A ? * >j > ?m*m\,> 

■C. CrKO. 5(imfflU »>rCrNKl. 
5 um»«l/t2lf*jfi£l,;fc. Ctltt. *?>f Ffc'> 

rNji*«!aoytfc©t?*4. *©ft©flKStt. njs© 

[0 0 5 4] tU:©X7-/ Ffcr>Sl*Hl©-/*>a 
A««©*^y2«:4Rtt{c«J*0fcttJII"e. X£tf> 
7BK«fcoT*aS«7rtftSe»U 6xl0-"Pa 
«T©**ffii"T4. ■€■ L-T, Ff>Ml©/J^ 
Mffi 1 b &e**&Mfl3 1 a ©*MHffc*tL"C . 
3*>6-f*>8*H8W-rs. C ©**©»»?», HtS 
LttlW*>fb««tCiHS:tfX* 1~5SCCM£A 

tt>5. Sfc. -{*>{b3ftfcO + -Y^>R5>'0 2 + -Y 
*>£»S#8tbT. fr3©^:t>©&£^>;SAP 
4*?,>f*>»3CC»A-S--S. JB»H-*«*-f*>©tn 
ai*K-B4 5keV, tf-A*ift*lttt4 0MA 
/cm 2 iL/c„ Sfc. ^*>|«i«Bl. 5X10 
' ' i on s/cm ! ilfc, 
[0 0 5 5] 06tt, «±©^fc«fco-r}&S3ftfc* 
7-f Ft>Sl©^iB%8ISW{C^U-CC»S. MAS 1 
*>e.ttSSt*l 3©±ffi{CCrKl 4)&ifiPS0. 
ffifcCrNlU 5#£ftT*. *l/TT. 3?ffi#>£> 1 5 0 

[0 0 5 6] SitlCiOll 8«. X^YFbySl© 
flffi©C r Nlg^itSSf S^JIC r iaA3*iSS?3K 
-Y*>£©«?S, KKCtitK C r7c3PWISM§3*i*C 

itctoT^BSsnfcaarcroji-r**. c©i^, 

jSSfn©tt«8iC ft 4 «fc 5 KBMW * > Z&A? SCiK 
<fc«3, Hffi^6-ftf>#«A-rS 1 5 00A©gHi*£-C 
«, #HC r#7?SL&l^£&C r OlitC&KSft. 

titcKbm.m®mm<DC r NRoaaate-cJwnu-ci* 

fcCrll 4&.t>*C r NSS 1 5 Ktt, f>*-^*>?,ii 
4^tt©^PiAi#ftLTt,^AS, HSU^Sr&A-r* 
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citciO, ^ffi©sS»*saA-f*>KJ:-3Ta;ft3h 

[005 7] MJR4*>*:*5-f Ffcf>Sl©£ffi©C 
r NWc*ttBKcaEAT*ii&k:*ji»'C, M»3ft6-Y 
*>©ttjli*JH^»5 k e V«±2 0 0 k e V*ffi 
iilib^. MI*^*'-#5 keV*«©t§£Ct 

«, mmc j; -o T^ffi©^affi©«^^jiA 

10 tcfc«©r»*L<tcl>. *fc. *J|]jtx*;l^-*52 0 
0 k e Vfei±©J»^Kli«iaiB36*)W»Stl. W13K 

[0 0 5 8 ]-*, f-A«?S?gKii5MA/cm 2 « 
±2 0 0 uA/cm ! *i^U>„ tf-A«»«K 
*S200(jA/cm ! W±©t|^(Ctt. jffiffiffirtJffiftT 

5yA/cm 2 *M© A*««Km -f*>©a 

©»cb, o + -r*>£&Ai,-tt,>&#, o 2 + 
20 >t-^j:<, o 2 + 4*ymjo+ ■< t-soma&k 

[0 0 5 9 ] C©J: *) CCL/-CJfJ)?£3tlfc3WKC r OH 1 
MM3llfcC r NJ1 1 5©*Sfi&#. aAStiSBBR 

mmc j; 5is»s©iattMtfe^K?ftons. 

[0 0 6 0 ] H7»C©H*©»*CCJ:4^v.Y Ff> 
^! 1 ©«RLfc*iB©«^!H»«I^X ! 6K¥0fcfe©T? 
30 H8B, J:bRil/-C-f*>i£Atcj:Saif©3!tR 

ioT^JlL/cC r NR$ffi©«?WfK*¥Jt££¥L 
fcfe©-Cc64 D 

[0 0 6 1 ] fie*©*ffit?f#6nytC r Ngt©SiBK 

fl**?5PfiE Uri,^ t ftfc, A/J^©fe B a a eS*^ > ^A(c 
?5PfiE L r C > 5 . * fcft IBCC WSf 4 i . t&gfil&tfi 3 0 
0 n mOk©{W«tf «£KIB «1 0 00nmX|]80 
Onm) ©5 0««±%£»ri4SCi**llBr*4. 
40 >f:t>aAKJ;0^ffi?r^Sbfc*||ite©^«8© 

x^w Ff>gai©an«, H7tc^-rj:5K, 100 

n mWT©ifeBiea©fe H B H AWtCiBgL-Ct,^„ 3 6 
ftf¥»:1Sig?1-& i , (m 1 0 0 0 n m xfa 8 

OOnm) ©B10 0K#. CffllOOnmJiTKft? 

*. 

[0 0 6 2 ] *fc. 3^c»<J|££, (iiA£©fe 
«©«*(&&» 5 0 n m6(TlCft9ft3htfcD . tt^ 
ffiffi (ftl 0 0 0nmxfi8 0 0nm) ©9 0%t(i 
50 C©5 0nmJWTfC^)^bSn/cife H H a teT*1f^Sn 
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[0 0 6 3] & tc, *m&<Dtim®Z 7 A F f>S 1 © 
7 > ^AKiltR bfc 3 fii?r©SlffitC'X>T R«(CSf II 

OnrntTRct^bbTteD, flolOOnm«TOi 
fifi©<5*r*&MB§?*il (#U000nmXft800n 
m) ©9 8%fil±T?*SCi3&J»jB3hfc. 
[00 64] fiLk© «fc 5 (CtSHtS nfcX 7 A F f>M 1 
H2K^"rj:5K. -it©^M*ft5 2, 5 
3*fi*^to-&TrJU5-'5A^ (ADC 1 2) ©» 

C r KfttfC r NK*aMLfcf£*©;*5 A Ktf>3!© 
i^Ktt, 8000fa» h-CTJVa-^AOHSF^iH 

Jlfebfc*7-Y FK>ffl*ffll>fc«^fcB, 4 0 0 0 Of 

[0 0 6 5] Sfc, -f*>tf-AX/f?#y>yffiK:j: 

^-CCrMS?>'CrN18^)S(«Ufcfie*©^7Y Ff> 
fflKWU. ^©»cS£tfbfc7;u$-?A£|&£M-c 
Bl0l!to>fc»fcaffi*W*l/fc£c:5 < C r NKteBiS 

is § n-fffiw««s© iST*^fc„ 

[0 0 6 6 ] C®f»fi»«rtt. 3 6(C, ^©^g 

©*ttn&***NHLfc. _ha?L/dSf*©X7^ Ff 
>MtCfc(r>TB. C r NK#2 8 00 0Va? FTHi 

a, iwiJ&jjKfL. r^s--? /»©«*#» 

b<. LfrM»7*S-3A*||&LTfcT*R:l» 
AMI, Ff>WX7-f Fr*1*KftWtt< 

*D**-f FtT>ffl|J. 1 1 0 0 00^3 7 HlfiOT 

[0 0 6 7 ] C©J: 5 ftl06©»Mrr?B, 3M©£ft 
©jiff Ji 0 . ^&li£ttjMNH53ft*fca&. S 
iO-C©5M>©g^b*tf5C<fc*i-C#5. X, C©H 
Jfc©JBMIK cfcfttf, -f:t>ffiA3ft/e&ff C r0116 
©SIB, tfi&ttfts 1 0 0 nmfelTtcattffl{bM-3i^Wt 

3 nr fc d , §fa©ffi© 9 8 %iK±^±ta&s©*sn& 
iahhmc «fc «j mmm t omwmmm 3 < a 0 , it 

[0 0 6 8] Sfc, ettJC^LtCrKSCFCrNK* 
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3ftT. SM^&C r Ot7 5 ^(Ct SCiAit 
*ft<-J-CiWr*. CrN^7 5 7^)ji©KS!(-C*4 

«KiMk3*fcc;itcj:f). £Sttffl*©IHI:KJ:S£ 
{fc©jttf*»S3#S£:i36J-C*S„ 
[006 9] 3 6ic, «^1B©t>*-^/*a<-rci 

»© A * >&AK J: 0 3W 3 hfc^ffl©JSS*5f«(Wfc 

«©}gSS©J:5&X5-f FfySKfeotii. 
AB©WBt{fc*IMMHS[©ffiTK J: 0 . 3ISJ£#©ES 

4c 

[0 0 7 0] C©3UU©JBJB-CB. C r NH©)S 

R* -f * > tf- a ^ / < ? ^ y > j^ffiK «fc -p r tr -o . 

*©ffiS©PVDS5*CVD& *W9T«ilU-Cfe|qia 

©^s«r«-rs„ 

[0 0 7 1 ] SEfc, *H»©»«t?B. af«14*|Sl±3 
*«fc»OC r »D±K. W»CftftfcC r NM?: 2 
■BiOtlflEHU *©*lB{cH3R^*>*ttALfc 
*J. 2)g@i0rilS?S<a4'fe5 5 7d'lttt. CrO, 
CrNO, CrCN, CrAlN. CrAlCN, Cr 
AlN0f©ffeCDCrSi27 5^, T i N. TiC 
N. T i NO, TiAlCN, TiAINO, TiCr 
N«©Ti^7 5 ^, A 1 2 0 3 ?©A1H27 5 
v9, BN^©Wffc»*-fe9S^f. Si s N 4 ^©S 

ft»7?^f, lEwi, cne.©s^«rcfeisia 

©»*3&J»e,n4. Cti6©»^K». 2BB©i|{c» 

■rstwf t©m©*iw**jtttSEi!'rsc i *>^itir* 

[0 0 7 2] 3 6K. cn6©BI©«ffl«:cfc^T. ax 
■T4-f*>fc3BR, MX. W*. ^ffitt^x^ 

p. iiijiiR b r a ams-t 4 c i ^-c 1 4 „ c 

r 2 NmiC&ikAtyZ&AlstcWi'&iaz, ^DfiCCr 
N*J4fi£3n5. COCrNBCr, Ntlt®bXM® 

mmmmmiz. c©<t^tc, ■aA^*>4^M 

bT^, EI«©S»S#fcfc*l4. Ctx^©)iiaAT.2> 



4, 

[0 0 7 3] ft*. CrN-fe7 5?fR{Cil3R^*>* 
SMSHWcaALfcx^Fio®*, SfcfcaWBBiTi 

ci^tg-c*^ co^acc^o, mmzmnc& 
ffltzazt&tc. mwi-swmmt (m«Hv 

Trtt300<D_t*) SttSCiflS-Ct*. 10 
[0 0 7 4] (15160^*3) H9»H*©^»3©y 
-f*XhfM7 0^1-. C©^-/^ r-ffl#S7 0 
tt*y7^^%IKi-r4fc©'T?*i3. &IH&IK£iHi 
t^f ttf ^ 7 l 4Mtl-)tf0M*ft7 2, 7 
3£*L.TU4„ -#©£5S*f*7 2K:B* + tf7-.f 7 
l K igg!!!#K£ &A"f 4& AP 7 4 jWBfiR ^tltfef), 

ffi#©&sa*tt: 7 3 BMii-eaxp 7 a a> 3 n 

fc»»^*«tt-r+ + t^.f 7 lrtKjg|CI&|K&*< 

fc*>©*&»7 efc^yigUii^tKf^ 
k+»kii 0 iit? «fc 5 K*^aaa»©»t**a-rfc» 20 

©StWffiM7 53WBJSStin»4. C*i6©*W»7 6 

^®f^w7 5(i, i>rtifc*f 7 ltcjfiiu 

Tt>4. *l«£JII** + ir?-.f 7 l*|-©«W»7 

fc. atf ami 7 5 * -ess^m*^ $tii> tdm 

AUtWlH-rSCiKJ:!). j§S4^*5+ + t'r -< 7 l 

^^matc^jcfiarr 4 c £ 4. 
[0075] *n-en©^s**7 2,73 k*w** 

+ t'r^ 7 l *«BEr*WWCH:. ^8 0^4:5 30 

4 (,>BA^£Si£n a p ©JBtttcSfifrr 4 J: 5 IC®. 
■JttWfcftTVS. 48**7 2. 7 3B, 
4S&ffi7 2a, 7 3a^flfc»+tff^7 
l SttTM L . C ©tKttr&AP 7 4 *> e»«4m*iftA 
§ fit SSl-f Sfffi 7 5 K $ "CrSB^JS^A 0 iitf <fc 5 «c I/ 
■ClKtjWmsti*. 09 -CB, MW7 2. 7 

3 ffls©tftn»ji>^a^tiaffi©»( o m o^kb^bs u 
r*4o a*, mm&tmmmmi 5icnmti,^ 

ttmwe * 4 fc«> . c ft 9 SS bxK&W* va* 

XFSdWI^ 40 
[0 0 7 6 ] *fS»©Mf»-CB, #4 hffl^S7 
2. 7 3©f*K IHBB©«9Jiffl*Wr4^a*f*7 3KSt 
L-C*!BI*fT 5 £©■?*»?. «MB*©IKSffi«:ff 5. 
*>*4^*»7 3©et*iO"CB. SKD6 1 (HR 
C5 0) tfiVfflZtiZ. 

[0 0 7 7] #M#f*7 3 ©H&ffiB. */h©GK!iJWB 

(mm m®&m&mb%i.\ c©fc&, ^©#n 

5#2ft4 0 ^©fcfe. £M*ft7 3 KB. ?lh±WK. 50 
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3H9H»KJ:0«M!kCVDtt*rai»TT i N|££5 a 

[0078] #igs©jB*-ctt. n i ©^ * >aAsa 

Rfc^T. F£>£UCft*.T££#{*7 3*5* 

;l^2KSJ#£ft4 0 *fc. &S#tt7 3*«fT4# 

ftTfc 0 . 7 3 {cfi©«ffi*EPftIt? 

*4«t5K:ft-5ri>4. HlK*jW4-e©fl6©KI(KBll 

*©jb»i i isitt-c * 4 fc ihwm 4 . 

[0 0 7 9 ] £M#ft7 3£^>-aASH©*^2 
Ki&gUd*!i-e. Jt^#>^8KJ:r,TJt2S«7rt 
*gf»U 8X l 0 - 4 Pa«T©ii«t££T4 0 
KOflMi-ca. H^L&^-ftfWfcSWcSJRtf** 1 
~5SCCM»AU 77Xv?:i43titif^?: 

N 2 + -f*>*ft»WiOT. 3tS©N 2 + -f*>AStf 

Y*>JB3*»64* >8*£ffl##7 3&cr&JWTJW 
4*5. c©i*©jHax*>u^-H:, WAtfSOV©* 
EET?ffl>. N 2 + -Y*>3&iJGai»7rtK*jtr4J:5 
K»Ar*. C©i*©t-A«MMfKB4 0yA/c 

[0 08 0] N, + -f 7 ftK»A^tt*« 

T^lf*ft7 3 tC3 0 kV©fl©^Jl/^«E%EHflTi" 
4„ C©&«. 2 fi SO^WWiLT. 5 0 0 Op p 
sO^JUXJBHRiOfc. c©J:5ft«l3&ffitt. PS 
II (Plasma Immersion Ion I 
mp 1 an ta t i on) £J:fcttv&#ffir*i). 
^•c^^*ar^S!*ft7 3©^j&ffl©Dflflg|5^, 4$KJ|| 
*SP» mm tcttbri>N 2 + ^^->*ftAT4ci 

i o o 8 1 ] a*i. c<Dmm<DBi&v^ hi©-t^> 

5Xv*tcaiL. c©^*ft{c©©^;i/^«E*Biftl 
■T4*ffi^©»iJ©*ffi-cfeac>. ±aSbfcPSl 
IttKAoT-faJ-VtaEA-i-Sidtt. N 2 + 
X2S»7rtK»KurS»Al/tt*s6©©/^x«E* 

EnflnT4©fcf^^-r. n z + -Y*>%nsaw7rtK:ji 
x^^mxb. *©« 4 fiK^*>%*A-r4**-c 

ff5c£feBjfl6T?*4. 

[ 0 0 8 2 ] H 1 0 ttC©Wll©J^ifcJ;-9-rfP»S*i 
fc^M**7 3©^ffi^«SWtC7^LT^4„ SKD6 
70±BffKTiN||183&J»aEU T 
i NBl 8©^ffl*>6 1 0 0 0 A©$H$£~CB, ffiAL 
fcSBR*d^f4»ftT i Nl 1 9*5#aEUTC»4„ Bfc 
HT i Nil 9 ». T i NR 1 8 *tCffftT 4^RT i 
iaEAShSa*^*^^©*^ SBRKJ:?), T i 7c 
S* s ijSa$n4C£-C^$nfcT i N**trtfc»T i 
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Nirc&S. 

[0 0 8 3 ] c©«£ 4 ilflfflOtiWKftS £9<c£* 
£aA-!TSCiCt<fci3, -f*>#«ATSl 0 0 0A© 
^^ftt, #JST i jWMEL&t,»£±ttT i NfiKK 
&ft$ft;fcT i NH1 9*6«**1 7CC|fij*o 

B. iS-ft>©aAl*! 1. 5 x l 0 1 8 ions/ 
cm 2 K44Jc5CC-f*>aX*IH(lbfc. ffijfi 
ttCVDffitCfcfJtaEHLfcTi NUl 8CCI*. 

e. & a ^cd^b *^fi u t t » a saw * > * 

#fcUt<tt4. £©CiB. m«. x»^>{^» 
ttJ^iSISTatl 4. 
[0 0 84] C©J;^icaS-Y*>5r^M*(*7 3©^ 

ffl©T i NiitcjflfiaffiKaA-rsJi^KB, jrw s*ia 

•r*>©JB*t*X/'F-tt5k e VK±2 OOkeV* 

B. x ? * > yjftSK: J: r affi©»ffiffi©*«^«A 
(Cft4©t?JfiF*L<ftl,». £fc. *Pjix*;U^-*i2 0 
0 k e V W±©«£fcB«i«ffl#^Sti. Btt 1 7 (C 

[0 0 8 5 ] -fi. t-A«6aSB5tfA/cm*« 
12 0 0/iA/cm 2 *»*ia*bt>. t-A^SKSK 
#2 0 0 m A/ cm 2 tUKEttfteKtt. «tBBfi#Sfi*i"C 
< afc*. f»«&££©«ttS!»«teB»* L< 

5 uA/cm 2 5ft||©K-A«MffltrB. ^t>©i£ 

©Jfc«TB. N 2 + -f*>*ft\LTHS*J. N + 
>r'bJ:< l N 2 + ^*>Rt>*N + ^t>ow^%aA 

[0 0 8 6] i Nil 1 9 affi©*SflttB. miB 

®2 trc I > /cffifif* C V D ffi(c J: 0 J&fiES ft fclSfilft 
a\3ftS?«4*>jm£Tac£Cc«fc^T{MH 

7 3©J: 5&«M0Btt*ffiKJff Ort^-{cffton*fc 

frft4„ 

[ 0 0 8 7 ] m 1 1 BC©£tt©#«K<fca£S*tt7 

3©^«l/ct i Nmmw<Dm^mmmi%w§-Lic 

b(D-e&6„ H12B. ib««to-c-f*>ffiA«:«tsa 
ffi©^%!fcl,Tl»at>ffefc©ftaM(kCVDffiKJ:r» , C 
S)c«bfcT i NK^if©«^««ir?K*(E¥bfct© 

-e*4. 

[0 0 8 8] ^*©*srif enrcT i nh£©»c 

tt. B 1 2 ic^-TJ: 5 te*SSi&g#t3 0 0 n m^fli?, 

0 0 n m»±©ff**SWXttH (#J 2 0 0 0 n m x#j 1 
5 0 0nm) ©5 0K£LhftA»t:i>4C isWIBT?* 
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4, Y*>aAK«fc»J*1if*3(aiLfc^S5Jfc©» 
!!©£S!#ft7 3©*ffitt. 0 1 1 CC^-T J: 2 0 
0 n mWT©g B e B K[a©^ B B B *W^ieg L,T(,>4. S 
P, icSMtcSggf-f 4 t . gigtSH «200 0nmxft 
15 00nm)O8 5%ttM C©2O0nm«TK 
ft&ISJitfcfc J: -a -C*JS3*i-a> * C i tfMflg 

T'i*4„ 

[0 0 8 9 ] *fc. *fB«©}|51l©#S*ft7 3 KfcW 
57>^A JtSfR Lfc 3 «Sf©*iBK-oi>T|§I»K«T- 

10 saift«-ei«?oA:ic5. t»-rnfci3iaKiiesss*s2 

OOnmfilTKJWWbLTiB'J. fi-32 0 0nm«T© 
ttfiti©£^*W8l9 (ft2000nmx^l50 
0 n m ) © 8 0 %fet±r* 4 C £ tfffiBS ftfc. 
[0 0 9 0 ] C©£M#ft7 3 i£S*{*7 2 ££ffl& 
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